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INTRODUCTION
Regarding genus Sorbus, the Keszthely Mts seem to be the least investigated region in the Transdanubian Mountain Range in Hungary. Th is fact has been refl ected in the low number of herbarium specimens deposited in Herbarium Carpato-Pannonicum of the Hungarian Natural History Museum (BP) . Th e majority of these materials was collected in the southern hills of the mountains, mainly above the village Balatongyörök (Kárpáti 1960) . Apart from some sporadic gatherings, the remaining parts of the range have been underrepresented by Sorbus herbarium materials, respectively.
As a common endemism of the Keszthely Mts and the neighbouring Bakony Mts, the foremost Tormaria Májovský et Bernátová species Sorbus bakonyensis (Jáv.) Kárp. was described by Sándor Jávorka (Jávorka 1927) . Two decades later, S. balatonica Kárp. was published (Kárpáti 1949) and in the next year additional taxa (S. andreanszkyana Kárp., S. decipientiformis Kárp., S. gayeriana Kárp., S. latis sima Kárp.) were circumscribed (Kárpáti 1950) (Fig. 1 ). Subsequently Kárpáti in his monographic work summarised the knowledge of his age about Sorbus taxa of Hungary and the ambient regions, including species growing in the Keszthely Mts (Kárpáti 1960) . Aft er a long pause Sorbus research revived only in the 2000s. Németh (2014) reported a systematic Sorbus mapping in the mountains and provided several new localities of most of the formerly described species as well as pointed out the existence of some undescribed taxa growing above Vállus.
Recently, referring to certain previous typifi cation processes Somlyay and Sennikov (2014) introduced a new name, S. udvardyana for the traditionally well defi ned species S. bakonyensis causing with this a reasonable entanglement in the nomenclature of the so called S. bakonyensis-group as a whole.
MATERIAL AND METHODS
Systematic fi eld surveys were conducted in the mountains between 2002 and 2016. Geographic coordinates and altitudes were determined using Garmin eTrex Legend GPS. In the course of the typifi cation process (Németh 2010) all the herbarium materials stored in the Hungarian Natural History Museum (BP) and labelled as coming from the Keszthely Mts were revised. Th e nomenclature of vascular plants follows Király (2009) . 
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To determine somatic ploidy level of the species fresh leaf samples were collected and analysed by fl ow cytometer.
RESULTS
Previous fi eld studies of genus Sorbus in the Keszthely Mts were focused on the southern part of the mountains (Jávorka 1927 , Kárpáti 1949 , 1950 , 1960 and whitebeams, growing in the northern regions were neglected. Field work carried out by the present authors in the last decades however, has revealed that these outlying, northern territories show similar richness in Sorbus as experienced in the southern dolomite hills, close to Lake Balaton.
Beyond the long known and well identifi able species, plenty of unclassifi able "morphotypes" belonging to subgenus Tormaria (including hybridogenous taxa between S. torminalis (L.) Crantz and S. aria agg.) were also observed during the mapping of recent distribution of Sorbus taxa in the Keszthely Mts. Most of them are represented by one or just a few individuals, which are not necessarily worth having a binominal name of their own taking into consideration their uncertain chance to survive and spread enough in the future to become "real, good" species. Th ere are, however, some "morphotypes", which have a well outlined range and considerable population size. Th ey may deserve to be treated at species rank and to have their own binominal names. Description: Small tree to 7-8 m. Bark of trunks grey. Buds ovoid, ±acute, olive green with greyish hairs on narrow brown scale margins. Leaves simple, broadly ovate to nearly broadly elliptic, strongly concave, somewhat spoon shaped, widest at the middle part of lamina, upper surface light green, glossy, lower surface greenish-grey, sparsely hairy, for the autumn it can become apparently hairless (Fig. 3) , texture fairly thick. Leaf margin minutely serrate. Broad leaves from fertile and sterile shoots similar in shape, 7.5-10 cm long and 7-9 cm wide, base broadly acute to rounded (or oft en cordate on fertile shoots), held at an angle of 120-180°, cordate ones 200°. Number of lateral veins 10-11 on each lamina side. Length of the distal margin of the longest (usually the second from the base) lobe 7-12 mm. Apex and lateral lobes of the leaves acute or acuminate. Petiole 1.7-2.5(-3) cm (Fig. 3) . Sepals triangular, densely tomentose. Petals white, anthers 20, cream-coloured, styles 2, split to base. Mature fruits broadly ovate to broadly elliptical, 16-18 mm long and 14-16 mm wide, brown at maturity, densely spotted with approximately equal sized lenticels (Figs 4-5). Flowering in May (Fig. 6 ), fruits maturing in September.
Sorbus concavifolia
Distinguishing from similar taxa: Th e strongly concave leaf lamina of S. concavifolia is very characteristic and fairly unique among Hungarian Sorbus species. Aft er pressing and drying the leaves they become wrinkled or oft en torn at their margins (this is particularly true for rigid autumn leaves). Th is phenomenon can also be seen less pronouncedly in the leaves of S. vallusensis (see below) and rarely occurs in the leaves of S. gayeriana. Completely diff erent leaf shape, serration, and fruit morphology, however, distinguishes S. concavifolia from S. vallusensis. S. gayeriana, similarly to S. concavifolia also has a broadly rounded or occasionally cordate leaf base. However, leaf margin of S. gayeriana is strongly, roughly serrate as opposed to the fi ne, tiny serration of S. concavifolia leaves. Furthermore, leaves of S. gayeriana are usually the widest under the lower part of the lamina rather than in the middle as seen in S. concavifolia (Fig. 1e, Fig. 3 ).
Geographical distribution, habitat, and population size: Distribution of S. concavifolia seems to be restricted to the northern region of the Keszthely Mts and the species has hitherto been found exclusively on the dolomite massif of Láz Hill and its lateral valleys Kis-láz Valley and Méhes Valley above Vállus. Here, nevertheless, a lot of trees juvenile to adult can be found in thermophilous oak forests (Vicio sparsifl orae-Quercetum pubescentis Zólyomi ex Borhidi et Kevey 1996) and their margins at forest tracks. Th e total number of individuals of the whole population can be estimated to at least 100. All the occurrences fall into grid cell 9169.4. Th e area of estimated occupancy is 16 km 2 (Fig. 7) . Other congeners co-occurring occasionally with S. concavifolia are S. bakonyensis, S. balatonica, S. concavifolia, S. danubialis (Jáv.) Kárp., S. gayeriana, S. rhombiformis, S. subdanubialis agg., S. vallusensis. Studia bot. hung. 47(2), 2016 Origin: Morphological features suggest that S. concavifolia has arisen from hybridisation of a local polyploid member of S. aria agg. and the diploid S. torminalis, hence it should be grouped into nothosubg. Tormaria. DNA ploidy level of S. concavifolia is triploid (vouchers of plants examined HCsN 6055, HCsN 6058, HCsN 6062). Etymology: Th e epithet "concavifolia" refers to the characteristic concaveshaped leaves of the species.
History: According to the present knowledge S. concavifolia was fi rst collected on 31 July 2011 by Cs. Németh. Description: Small tree to 5-6 m. Bark of trunks grey. Buds ovoid, ±acute, bud scales olive green with brownish, pilose margins. Leaves simple, broadly rhombic or ovate-rhombic, usually as long as wide, sometimes slightly wider than long, widest at the middle part of lamina, upper surface green, dull to somewhat glossy, lower surface greenish to greenish-grey, sparsely hairy, for the autumn become hairless (Fig. 9) , texture fairly thick. Leaf margin unevenly biserrate. Broad leaves from fertile and sterile shoots very similar in shape, 7-10 cm long and wide, base broadly cuneate rarely on fertile shoots broadly rounded, held at an angle of 100-130(-140)°. Number of lateral veins 8-9 on each side. Length of the distal margin of the longest (usually the lowest) lobe 10-15(-17) mm. Apex and lateral lobes of the leaves fi nely acuminate. Petiole conspicuously long, 2-3.5(-4) cm (Fig. 9) . Sepals triangular, densely tomentose. Petals white, anthers 20, cream-coloured, styles 2, split to base. Mature fruits ovate, 18-20 mm long and 14-16 mm wide, brown at maturity, densely spotted with lenticels ( Figs  10-11 ). Flowering in May (Fig. 12) , fruits maturing in September.
Sorbus rhombiformis
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Distinguishing from similar taxa: S. rhombiformis is similar to S. decipientiformis with which it was previously confused. S. rhombiformis has wide rhombicshaped leaves with cuneate base in contrast with the ovate leaves of S. decipientiformis, which usually have rounded, rarely a broadly cuneate base (Fig. 1d, Fig. 9 ). Geographical distribution, habitat, and population size: Distribution of S. rhombiformis is restricted to the northern slopes of Láz Hill, where about 20 individuals of diff erent age were observed in closed thermophilous oak woodlands (Vicio sparsifl orae-Quercetum pubescentis), mixed karstic forests (Fago-Ornetum Zólyomi (1950 ) 1958 , and mixed forests of rocky slopes (Primulo veris-Tilietum platyphyllae (Isépy 1968) Borhidi 1996) developed on Triassic dolomite bedrock. Some additional single trees were encountered further southeastward too. Th e total number of individuals can be estimated to 40. All the occurrences fall into grid cell 9169.4. Th e estimated area of occupancy is 8 km 2 (Fig. 13) . Congeners growing together with S. rhombiformis are S. bakonyensis, S. balatonica, S. concavifolia, S. danubialis, S. gayeriana, S. subdanubialis agg., S. vallusensis.
An unusual and interesting situation has emerged from the fact that many more individuals of S. rhombiformis exist in cultivation as street ornamental trees than they do in nature (see more in chapter History).
Origin: Based on its leaf and fruit morphology S. rhombiformis should be classifi ed into nothosubg. Tormaria including species having originated by hybridisation of S. aria group and S. torminalis. S. rhombiformis is triploid (vouchers of plants examined HCsN 5741, HCsN 6051, HCsN 6052).
Etymology: Th e epithet "rhombiformis" refers to the characteristic rhombicshaped leaves of the species.
History: According to our present knowledge S. rhombiformis was fi rst collected by Elemér Barabits in 1991 above village Vállus in order to cultivate it in his nursery (Alsótekeres, Central Hungary). Subsequently, due to its regular shaped crown and other favourable horticultural features, this species, sold as S. decipientiformis "Vállus", has become a widely cultivated ornamental tree in public places of many settlements all over Hungary. S. decipientiformis, otherwise, has not turned up since its discovery and description (Kárpáti 1950 , Németh 2010 , 2014 , although numerous fi eld trips have been made by the fi rst author in its type locality and other sites covering almost the overall mountain. Similar morphotypes represented by a single or a few individuals have been encountered, but they show only superfi cial resemblance with the type material of S. decipientiformis and cannot be identical with that. Description: Small tree to 7-8 m. Bark of trunks grey. Buds ovoid, ±acute, bud scales olive green with brownish, sparsely tomentose margins. Leaves simple, broadly ovate, somewhat concave, widest slightly below the middle, upper surface green, glossy with a slightly convex surface between veins, lower surface greenish-grey, moderately tomentose, for the autumn becomes sparsely hairy (Fig. 15) , texture thick. Leaf margin ±biserrate. Broad leaves of fertile and sterile shoots similar in shape, 9-12.5 cm long and 7-11 cm wide, base broadly rounded to broadly cuneate, held at an angle of 130-160(-170)°. Number of lateral veins 11-12 on each lamina side. Length of the distal margin of the longest lobe 7-12 mm. Apex and lateral lobes of the leaves acuminate. Petiole 2.0-2.5 (-3) cm (Fig. 15) . Sepals triangular, densely tomentose. Petals white, anthers 20, creamcoloured, styles 2, split to base. Mature fruits ovate, 15-17 mm long and 12-14 mm wide, brown at maturity, densely spotted with numerous small and few large, whitish lenticels . Flowering in May (Fig. 18) , fruits maturing in September.
Sorbus vallusensis
Distinguishing from similar taxa: S. vallusensis shares some resemblance with S. semiincisa Borb. and S. pseudolatifolia Boros, two species endemic to the northeastern region of the Transdanubian Mountain Range and Vértes Mts, respectively. Both of them have completely diff erent fruits being globose or subglobose in shape (not ovate) and dotted more densely by lenticells. In addition, mature fruits of S. semiincisa are red rather than brown in colour as those of S. vallusensis. Based on leaf features the three species are also easily distinguishable from one another. Leaf lobes of both S. pseudolatifolia and S. semiincisa are more pronouncedly acuminate and more acutely serrate. Furthermore, the lower surface is more densely tomentose with more greenish tinge in S. pseudolatifolia and with more whitish one in S. semiincisa. S. vallusensis is close to S. latissima in leaf characters, but the latter diff ers from the former in having rougher leaf serration, acute and not acuminate leaf lobes, greater number of lateral veins (12-13) Studia bot. hung. 47(2), 2016 and more narrowly cuneate leaf base. In having moderately convex surface between lateral veins of the leaves S. vallusensis resembles S. pelsoensis Cs. Németh, a stenoendemism of Balaton Uplands, but diff ers from that in possessing totally dissimilar leaf shape and lobe characters as well as red, globose fruits rather than brownish ovate ones (Fig. 19) . 
DISCUSSION
Keszthely Mts has been the least surveyed part of the Transdanubian Mountain Range from the point of view of Sorbus, although they do not fall behind the other regions in variety and variability of whitebeams at all. Two main hybridisation centres appear to have been evolved in the mountains. One of them, Bodorhálás Hill and its surroundings above Balatongyörök has been known for a long time and served formerly as the primary source for describing new Sorbus species. Th e other hybridisation hot spot with extraordinary variety of Sorbus has been discovered just recently in the northern corner of the territory. Láz Hill and the adjacent area, similarly to Bodorhálás and its adjoining hills can be regarded as a microevolutionary hot spot where exceedingly intensive hybridisation processes can be studied.
With the three new Sorbus species, S. concavifolia, S. rhombiformis, and S. vallusensis published here the total number of Tormaria species occurring in the Keszthely Mts has increased to nine. Th ree of the previously described six taxa, the most widespread ones, S. bakonyensis, S. balatonica, and S. gayeriana are common endemisms with the close Bakony Mts and Balaton Uplands, respectively. Occurrences of S. andreanszkyana are confi ned to the Bodorhálás Hill and the ambient hills in the southeastern region. Th e remaining two, S. decipientiformis and S. latissima, are quite mysterious taxa without any known recent occurrences. Th ey are exclusively represented by a couple of herbarium sheets (including the type materials) collected from the same locality, at the same time, presumably from the same (possibly single) trees. Such single or few tree morphotypes have currently also been found in the mountain in great abundance. * * *
